Abstract -Diseases of the Gastrointestinal (GI) tract, such as intestinal bleeding and ulcer, are very common. In order to determine the location of the disease, as well as to diagnose the problem, endoscopy test is performed. A Wireless Capsule Endoscope is a pill-sized device for the patient to swallow. It equips with a camera and a wireless transmitter so that as it travels through the patient's GI tract, it will take pictures or video of the tract and transmit the information out of the patient body wirelessly. This paper discusses the possible solutions and challenges of the Wireless Capsule Endoscope, in terms of the choice of wireless frequency and circuit components. A prototype is built with commercially available components to demonstrate the concept of the device.
I. INTRODUCTION
The Gastrointestinal (GI) tract is a 30 feet long structure which includes the esophagus, stomach, intestine and colon. Diseases of the GI tract, such as intestinal bleeding and ulcer, are very common. In order to determine the location of the disease, as well as to diagnose the problem, Gastroscopy and Colonoscopy tests are usually performed. The traditional device -Push Endoscope used in these tests makes use of fiber optics for light and video transmission. It equips with a camera and a control unit so that video images of the GI tract can be sent through a cable to a monitor outside the patient for display. While a Gastroscope is pushed through the patient's mouth to examine the first 4 feet of the GI tract and a Colonoscope is pushed through the patient's anus to examine the bottom 6 feet of the tract, the remaining 20 feet of the tract is out of reach. Other imaging and diagnostic techniques for GI tract diseases such as CT scan or MRI and X-rays are neither accurate nor effective. Gastroscopy and Colonoscopy also create patient discomfort because the devices are pushed through the patient's mouth and anus. Fig. 1 shows an illustration of the process of a Gastroscopy test.
A solution was provided by Given Imaging -the M2A state-of-the-art wireless capsule endoscope [2] - [3] . It consists of a CMOS image sensor, a lens, LEDs, and a transmitter wirelessly. The swallowable size of the capsule is 11mm in diameter and 25mm in length. M2A capsule. Once the capsule is swallowed, it will travel video of the GI tract and transmit the video out of the body until the battery dries out in 6-8 hours. The M2A capsule is commercially available in developed countries. At the same time, research groups such as the RF System Lab Company of Japan[5], M. Q.-H. Meng et al. [6] - [8] , F. Gong et al. [9] and H. J. Park et al. [10] are working on the system, hoping to further improve the system in terms of video transmission [8] , control[5] [9] and movement[5] [7] . As the M2A capsule has everything custom made, this paper discusses the possible solutions using commercially available technologies. Since the appearance of the M2A capsule, not many papers discussed the technical details of the capsule. Therefore this paper aims to provide a general overview of the system, as Fig. 3 Prototype design of Wireless Capsule Endoscope, which includes (1) a video camera, (2) an RF modulator, (3) an antenna, and (4) a lighting system well as discuss the technologies and challenges involved in designing such system. The discussion includes the choice of wireless frequency and circuit components. A prototype was also built to demonstrate the concept of this device. Although the system is not comparable to the M2A capsule endoscope, it serves as a start-up guide and platform for those who wish to work on this area and those who are to improve it.
II. PROTOTYPE OVERVIEW
The prototype shown in Fig. 3 has 4 key components: (1) a video camera, (2) an RF modulator, (3) an antenna, and (4) a lighting system. Once the power of the device is turned on, the video camera will start taking video images of the GI tract. The video signal will then be processed and up converted into an RF signal by the RF modulator. This signal is then transmitted wirelessly out of the human body through an antenna. Finally, the lighting system is there to illuminate the interior of the GI tract so that the video camera will be able to capture clear images with suitable brightness.
When designing the prototype, two main constraints were considered. The first constraint was the device size The M2A capsule has a size of 11x25mm and the design should not be anything bigger. The second constraint was the wireless transmission frequency. As a rule of thumb, the frequency should not exceed 1 GHz as most of the radiation energy would be absorbed by the human body tissue above this frequency [11] . Table 1 summarizes the comparison of miniaturized analog and digital cameras as discussed in [8] . Digital camera has the greatest advantage in terms of its small size, high resolution and low power consumption, while analog camera is extremely easy in interfacing. The video signal output form an analog camera is a 1-pin output of analog video signal, which can be fed to any video viewing device such as a traditional TV or a VCR. On the contrary, digital video camera outputs the signal in various digital formats, such as RGB, YUV and YCrCb. Signals are usually outputted in parallel by a 4-pin or 8-pin configuration. Interfacing includes synchronization of the digital data. Data processing is also needed to reconstruct the video image from digital data, which further complicates the circuit. Considering that a custom made analog camera can be constructed to meet the size requirement, an analog camera was chosen for the prototype due to its circuit simplicity. Fig. 4 shows pictures of analog and digital cameras. Table 2 summarizes the comparison of miniaturized analog and digital transmitter as discussed in [8] . A simplest analog video transmitter is a TV modulator, which employs an amplitude modulation (AM) scheme to up-convert the video signal to RF signal. The RF signal can then be picked up by a normal TV where the video can be displayed. As a result, no external or special circuit is needed at the receiving end. For digital transmitters, a lot of them are specially developed for 
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C. Antenna
After considering different types of simple antennas, a helical antenna was chosen for RF transmission due to its compact size. The resulting antenna had 8mm in diameter and 5 turns. It was tuned to radiate at about 800 MHz of frequency.
D. Lighting System
The lighting system was composed of 4 white LEDs and a 555 Timer circuit, so that the LEDs were given with pulses of current instead of a steady current, as this would save the most power. There were 3 parameters to be considered in this circuit: (1) the pulsing frequency, (2) the duty cycle of pulses, and (3) the forward current of LEDs. It was observed that when pulsing frequency was lower than 3 kHz, flashes occurred in the video. Experiments also showed that both (2) and (3) affected the brightness of the video. Therefore, the optimal design of the circuit was to allow the highest possible forward current for the LEDs and then lower the duty cycle as much as possible until an acceptable brightness was obtained.
III. SYSTEM IMPLEMENTATION
This was the simplest and most straightforward solution for the system. The analog video capture by an analog CMOS sensor was sent to a TV modulator or an AM circuit to generate the RF signal of 800MHz. The RF signal was then radiated through the helical antenna. A block diagram of the system is showed in Fig. 5 . This system was easy to build and visualize, and required the least number of components.
In this prototype, a 1/4" CMOS analog camera VC-KTK702C made by Vtec Electronic Co was used. It had 628(H) x 582(V) of resolution with a size of 17.4 x 17.4 x 20.4 mm. For the RF modulator, a Motorola TV modulator chip, MC44BC373 was used. It could be programmed to radiate frequencies in the range of 30-880MHz, and its output power was -34.5dBm, which was enough for demonstration purpose. The antenna described earlier was used in this prototype, and finally for the lighting system, 50mA of LED forward current was used and the duty cycle of pulses was limited to 10% to give an acceptable brightness. The completed system is shown in Fig. 6 .
IV. SYSTEM VERIFICATION
The system was put inside a plastic case with a transparent dome as shown in Fig. 7 so that it could be used as a standalone device. The device was then pushed through a cleaned porcine colon. A traditional TV with a straight antenna was placed beside the colon at a distance of 5cm to pick up the RF signal transmitted out of the colon. For further distance, a power amplifier has to be added to the circuit or a more sensitive receiving antenna has to be used. A few snapshots of the video captured by the prototype are provided in Fig. 8 . As seen in the snapshots, images are quite clear and show details of the colon lining. Although the images have a little noise due to the wireless transmission, it can be filtered at the receiving end by circuit technique or image processing technique.
V. CONCLUSION
In this paper, a prototype of a wireless capsule endoscope was designed and implemented using a CMOS analog video camera, a TV modulator IC, a helical antenna, and a lighting system with 4 white LEDs, all of which were commercially available components. The system made use of the current analog technology, including analog video and transmission. The prototype was verified in a clean porcine colon, to simulate a human intestine. By pushing the prototype inside the colon, the video camera captures video images and transmitted out of the colon through its helical antenna. A traditional TV with a straight antenna was placed beside the colon to receive the signal transmitted from inside the colon.
The implemented system is the most straight-forward solution, which involves the least number of circuit elements. Fig. 7 The standalone system -prototype wrapped inside a plastic case Fig. 8 Snapshots of video taken by the prototype However, the size of the prototype (32x45mm) is way larger than the size constraint (11x25mm) mentioned earlier. This is mainly due to the bulky size of the analog video camera (17x17mm). In the real implementation, a custom camera should be made to decrease its size to fit the constraint, and the RF module can be constructed using a few surface mount technology (SMT) components for smaller size and less power consumption. Nevertheless, even though the analog solution can be therefore their development is growing fast. Digital modules have more functions, smaller size, higher resolution and less power consumption. Therefore the next step of developing a devices. However, switching from analog to digital is not as easy as it sounds. Hardware interfacing and data processing are the big challenges, and a microprocessor has to be included in the system to perform the required processing. The digital solution then becomes a very complicated one. This paper went through the process of components selection, prototype system implementation, and a simple verification process to demonstrate the concept of the system. Challenges involved in the design were also discussed. Although this device was large in size and the system was not completed to be used standalone, it served as a fundamental design for those who are going to further improve and minimize it. Other factors, such as power consumption, radiating power and distance were not focused in this paper, but it is believed that with an addition of a power amplifier at the transceiver circuit, as well as good antenna design will enhance the quality of the image transmission greatly.
